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PREFACE BY THE EDITOR.

TaE great work on Frictional Electricity with which Sir William
Snow Harris proposed to close his scientific career he was not
permitted to complete. The whole of the First Part up to page
205 of the present volume, had the benefit of his final revision.
After his death, his papers were placed in my hands by Lady
Harris and Mr. Harris, her son. I found them to be in a confused
and unsatisfactory state, but I have done my best to complete the
work in as methodical a manner as the materials under command
would admit of. All that is given in the Second Part is in the
actual language of the author, and in passing it through the
press I have had the benefit of Mr. Harris’s revision, which
has in many cases been of value to the work, while it has given
additional confidence to my own labours. Among Sir William’s

papers I found some notes intended to form the basis of & Preface’

to this work. I have retained them as they were written. It is
probable thdt had the author revised his Preface he would have
exercised his caution in mitigating its severity, or have withheld
it altogether ; but when a distinguished man is dead, we care
more about knowing his opinions than his caution when alive in
withholding them.

Kina’s CoLLEGE, LONDON,
1st October, 1867.

\






BIOGRAPHICAL NOTICE OF THE
AUTHOR.

BY THE EDITOR.

THe life of a scientific man seldom calls for much exertion on the
part of his biographer. Such a life may be even less eventful
than that of a literary man; for not ounly has the latter a wider
and more varied audience, but his work has more individuality
and more character; it is more a reflection of the author’s mind,
more rounded and complete, than a scientific work: the one
belongs to the man, the other to nature; the one remains for all
time as an exponent of the author’s mind, the other is soon
absorbed into the general body of science, and its author more or
less forgotten. This need not be regretted, since the object of
science is the discovery of truth, not individual celebrity ; and
our love and gratitude are not the less due to the men who have
laboured in the cause of truth, even though their work be quickly
absorbed, and their books and memoirs soon cease to be read.

The author of the volume now before the reader completed the
allotted term of man’s life. He made some important discoveries
in electrical science, laboured long and successfully to introduce
into the Royal Navy his system of lightning conductors, was an
excellent sailor, an accomplished musician, a lively intellectual
companion, a steady friend, and he died honoured and beloved.

Such was William Snow Harris, and it will scarcely add to our
interest to be told that he was born on the 1st of April, 1791, the only
son of Thomas Harris, Esq., of Plymouth, whose family had settled
in that town as solicitors as early as the ycar 1600. He was educated
first at the Plymouth Grammar School, then for the medical profes-
sion, and he completed his studies at Edinburgh. He appears to
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have been struck with Dr. Ilope’s lectures on chemistry, and has
related to the editor several amusing anecdotes of that distin-
guished teacher. Snow Harris began the practice of his profession
as a militia surgeon, and afterwards as a general practitioner in
Plymouth. But his great love of science, especially of electricity,
interfered with his medical practice; and after his marriage, in
1824, with the eldest daughter of Richard Thorne, Esq., of Pilton,
North Devon, he devoted himself chiefly to the cultivation of his
favourite science. He had already, in 1820, invented a new method
of arranging lightning conductors for ships, with a view to the
defence of the Royal Navy from the destructive effects of light-
ning. In the electrical and mechanical arrangements of this
system, the metal was permanently fixed in the masts, and
extended throughout the hull, so as to afford the required security
at all times and under all the variable circumstances in which the
ship might be placed.

Harris showed his affection for Edinburgh by laying before its
Royal Society a series of papers, the first of which was entitled,
¢ Experimental Inquiries concerning the Laws of Magnetic Forces.”
This paper appeared in the “ Transactions’ in 1829, but it is dated
“Plymouth, July 1st, 1827.” It contains an account of the Hydro-
static Magnetometer. The second paper, “ On a New Electrometer,
and the Heat excited in Metallic Bodies by Voltaic Electricity,”
is dated May 5th, 1831, and was read 19th December of that year.
The third paper, dated April 6th, 1833, “ On the Investigation of
Magnetic Intensity by the Oscillations of the Horizontal Needle,”
was read 6th January, 1834. By this time the author adopts the
title, “F.R.SS. Lond. and Ed.”

Harrig’s introduction to the Royal Society arose from his skill
in the improvement and construction of instruments and apparatus,
of which there is abundant evidence in his early papers. While
Sir Humphry Davy was President he had been attracted by the
simplicity and ingenuity of the thermo-electrometer, and invited
Harris to lay an account of it before the Society. This was
accordingly done, and the paper “ On the Relative Powers of various
Metallic Substances as Conductors of Electricity, by Mr. William
Snow Harris, of Plymouth, Surgeon,” was read before the Society,
14th December, 1826, and appeared in the  Transactions” for
1827.
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Harris was justly proud of the favour with which the President
and also the Vice-President, Dr. Wollaston, regarded his inventions
and discoveries. This was, perhaps, natural in the case of Wol-
laston, who delighted in manipulative skill ; but it was remarkable
in the case of Davy, who valued the end of scientific research, and
rather despised than cherished the means.

Harris was elected into the Royal Society in 1831. Hxs papers
contributed to the Society in 1834, 1836, and 1839, on the
elementary laws of electricity, contain his best work, and display
in a striking manner the author’s ingenuity and delicate mani-
pulative skill. He was not satisfied with attaining his end by
any means, but the means themselves were all-important, and
were the subject of long and anxious thought and repeated trials,
until at length the best means possible, under the circumstances,
had been hit upon. This care in the selection and improvement
of apparatus might seem to an ordinary observer to be often
superfluous, but it led to success and to the thorough understanding
of the conditions of success, so that the failure of an experiment
in Harris’s hands became next to impossible. The chapter in the
present volume on Electrical Manipulation will give some idea of
the author’s scrupulous care in the management of apparatus.
He left nothing to others ; even the making of paste for attaching
the tinfoil to his jars was a matter of study until the best recipe
had been found. But with all this love of apparatus, and of
its minute details, Harris had none of the spirit of a mere instru-
ment maker. He knew that the best instrument does the best
work under the guidance of the best mind; for, as Liebig has it,
Das Instrument mackt ja das Werk nicht, sondern der menschlicke
Geist. Nor was his ingenuity confined to his apparatus. There
was not a room in his house that did not bear marks of the pre-
sence of an original mind. He converted the ceiling of his children’s
nursery into a planetarium, and the floor into a compass-card. He
taught them book-binding and printing ; he was ready to repair
a roller-blind, or to keep in order his ingenious kitchen-range.

In 1835 the Copley Medal, “the olive crown” of the Royal
Society, as Davy loved to call it, was bestowed on Harris, in recog-
nition of the value of his papers on the laws of electricity of high
tension. In 1839 his ““ Inquiries concerning the Elementary Laws
of Electricity ” formed the subject of the Bakerian Lecture, and
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was rewarded by the Society agrecably to the bequest of Henry
Baker, Esq., F.R.S., made in 1774.

But, in the midst of these highly successful researches, Harris
had never ceased to exert himself in behalf of his favourite system
of lightning conductors for ships. So little was the subject known
at the time, that the most erroneous views were held respecting
the phenomena of a thunder-storm, and the action of conductors.
It was considered by many highly-educated persons, especially
among naval men, that conductors did more harm than good—that
they were even positively mischievous by attracting lightning to
the structure they were intended to protect. To set these doubts
and difficulties at rest, a mixed commission of naval and scientific
men was appointed by the Government to investigate and report
on lightning conductors for ships. The Committee met several
times in one of the rooms of the Royal Society at Somerset House,
when Harris gave his evidence, exhibited his experiments, and
answered the inquiries of the Commissioners. Dr. Wollaston took
great interest in this inquiry. On one occasion it was proposed to
send the charge of a large battery through a mixed system of con-
ductors in a curved form. It was asked what the effect would be
if a thin wire was extended along the chord of the curve. Harris
replied that the discharge would be along the chord. Wollaston
then took out of his pocket some of his fine platinum wire, and
joined with it the two ends of the curve. Some difficulty
arose as to how to support the curve. Harris at once said, “1I
will hold it.” The Committee begged him not to run so much
risk. He replied, “If I were not certain of my principles I
should be ashamed to appear before you. There is no danger.”
The discharge went through the platinum wire, which, of course,
disappeared in vapour. It is needless to say that the conclusion
arrived at by the Commissioners was, * that the fixed conductors
of Mr. Harris are superior to all others, and they earnestly recom-
mend their general adoption into the Royal Navy.”

Still, however, the official mind was not satisfied. Ten ships
had been ordered to be fitted with the conductors, trials of their
‘value had been made in various parts of the world, and, although
experience fully justified their use, an order was given to
have the copper conductors stripped off every ship as it came
into dock. About this time some granitc clLimneys had been
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erected in the Victualling Department at Devonport, and the
engineer, Sir John Rennie, had fitted one of them with lightning
conductors on Harris’s plan, and was about to protect the other in
a similar manner, when an order was given to remove the con-
ductor from the protected chimney, and to leave the other chimney
as it was. On the receipt of this order the engineer waited on
Harris in a state of great excitement, and, after talking the
matter over, Harris said,  Well, never mind, Nature will avenge
us.” Never was prophecy more truly uttered, for before the order
could be obeyed a thunder-storm passed over Plymouth, the light-
ning struck the unprotected chimney, and made a great rent in
its side, while the protected chimney was of course uninjured. It
happened, fortunately for the cause of science and good sense, that
the British Association held its meeting in Plymouth soon after
this event, and it was a common joke during the week to taunt
Harris by pointing to the damaged chimney. Harris, however,
smiled, and said nothing, for he knew how fruitful the accident
had been to him. His conductors not only got into favour with
the Admiralty, but his scientific discoveries were now recognised
in the same quarter, and he was recommended to the Government
as worthy of an annuity of £300 “in consideration of services in
the cultivation of science.” ’

But the conductors were not yet admitted into the Royal
Navy. To remove the prejudices which still existed on the
subject of protection against lightning, in the minds of naval
men and others, Harris published, in 1843, his well-known
work on Thunder-Storms. The author requested the editor
to see the work through the press, and this led to a friend-
ship which was broken only by death. In the preparation
of this work, and of several pamphlets on protection from light-
ning, &c., subsequently published, the editor was in frequent
communication with Harris, either personally or by letter. It
was Faraday’s theory of induction by means of contiguous
particles that first made the phenomena of the lightning-
stroke clear, and Harris was the first to take advantage of the
theory in his book. In order to be quite sure that he repre-
sented the theory fairly, the early sheets of the book were sent
to Faraday, who returned them with approval and without a
single alteration.
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Allusion has already been made to the uncertain opinions held
even by scientific men on the subject of thunder-storms. The
following extract from a letter from Harris to the editor will
show that he at least had clear ideas, and knew how to express
them. Referring to his work on Thunder-Storms, then going
through the press, he says :—

T think you will find the last section very interesting, as bearing forcibly
upon the results of our experience of the protecting effect of conductors; and
I think I have succeeded in treating satisfactorily all the cases in which
buildings armed with conductors are said to have been damaged.

““T read in Arago’s Notices Scientifiques, at pp. 597, 598, in the Annuaire
for 1838, an account of the damage done to an angle of the magasin at
Bayonne having a pointed conductor. This ¢s a capital case for me. I dis-
agree with Arago and all of them about it, and think I can show that it
proves, beyond a question, the wonderful effect of the conductor in that
instance in saving the building. Arago says that the Colonel of Artillery at
Bayonne reported on it, and that M. Gay-Lussac subsequently drew up a
memoir for a section of the Academy of Sciences. The accident occurred in
February, 1829, so that I suppose the account must be found in the volumes
of the Academy. As I have the vanity to think I can put the Academy
right about this, I am extremely anxious to ascertain at what distance tho
south-west angle (damaged by the lightning) was from the conductor, and
if they have given any diagrams or descriptions sufficiently clear to put the
representation on paper. By Arago’s account I take it that the arrange-

ment was something of this
1\ kind, in which C is the

conductor, and A the point
C damaged. I mean to writo
to Arago about it. If, how-
ever, in the meantime you
should happen to be at the
Museum, and could just look
into the memoirs of the Aca-
demy for 1829, you would
soon see if such a report is
there, and if there are any
drawings. I only want two

things : —

¢ First. The distance of
conductor from the damaged
angle.

“Second. A general notion of the position of the conductor on the
building, something in the way of the skotch I have just given.

*¢ This building was evidently struck by the bifurcated discharge in two
rlaces, viz., on the anglo connected with the conductor, and likewise on the




WORK ON THUNDER-STORMS. xiil

conductor itself, and really that the conductor carried off the whole without
damage to the building. The point of the angle on which the shock fell
would naturally enough be ruffled.”

Soon after the date of the above he writes (6th April, 1843) :—

T have found the notice of Gay-Lussac’s Report in the Annales de Chimie,
tome xl., p. 386—398 ; but it is, to a certain extent, very vague and un-
satisfactory, and does not give me the information I want by any means.
It is a clumsy affair altogether. I have written to Arago about it. It was
of the utmost importance to have given the relative positions of the conductor
and the point of the building struck, and the distance.

T have also found the date of the explosion at Brescia, but I do not know
where to find the original accounts.

T must now make the best of what I have. I think I see the elements of
a more extensive and complete work on Lightning than has hitherto appeared.
I have obtained an amazing amount of cases from the Logs of the Navy.”

The work ou Thunder-Storms did not attract much attention,
and, indeed, can scarcely be said to have paid its expenses. One
of Harris’s most intimate friends, Professor Daniell, of King’s
College,* expressed to the editor his regret that Harris should
have treated the subject in a separate volume. “ It would,” said
he, “have made a splendid chapter in Harris’s large work on
Electricity ;” for even at this period Harris had such a work in
contemplation. But his object was not so much the sale of the
book as the facility it afforded him of distributing information
respecting his system in certain influential quarters, as will appear
by the following letter, dated August 10th, 1843, which also shows
that he was not indifferent to the circulation of information among
the general public ; the first part of the letter referring to a notice
of his work which the editor had been requested to write for a
popular magazine,

¢ Nothing can be better than your condensed view of my work intended for
the * * * * * Magazine. The only fault I find with it is the rather partial
reference to myself. However, I am quite content to put up with that, espe-
cially at your hands. I think you should be cautious, lest it appear that
the object of the article was to uphold my system of conductors as applied to
the Navy; but I think the rapid and clear condensation of the matter of my
book is very admirable.

* Professor Daniell included Frictional Electricity in his annual course at King’s
College, and it was his earnest wish that Harris should accept a Professorship, and
duliver these lectures once a year. He felt that it would reflect honour on the
College, and that the Council would readily make the appointment; but Harris
declined the offor, fearing that it would restrict his movements.

D e e aea el
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* With respect to the idea I have advanced rolative to the sulfocating
odour attendant on electrieal discharges, and that the electrical explosion is
accompanied by ignited matter dragged into the track of the discharge, it
appears to me worth enlarging on, and made subject for your original think-
ing. It is stated in the Nuutical Magazine, p. 439, vol. i., that in the case of
the smack London, struck by lightning off St. Abb's Iead, ‘the hold
was filled with sulphureous smoke, and a coating of black bituminous matter
left on a large extent of surface.” This suffocating smell of sulphureous
matter is the most marked on shipboard. You say it is not always compared
to that of burning sulphur; but in all the cases in the logs of our ships
there is not an instance to the contrary. The sailors always describe the
odour as an intolerable stench of sulphur and brimstone. See the last three
numbers of the Nuutical Magazine for my publishing cases of damage by
lightning in the Navy.

¢ And now, having despatched your affair, I proosed to thank you for the
plumbago, &c., and to lay myself under fresh obligations to you. First,
will you be so good as to inquire of Mr. Parker (to whom I beg kindly to be
remembered) whether the book is bound fit to be presented to Prince Albert P
If 80, to let me know. Second, I wish to send copies of my work to Quetelet,
of Brussels, and to Arago ; for, although the latter has not treated me very
civilly, yet it will be well to send him the book, I think, as I understand
that some inquiries on the subject are going on in France. Will you, then,
be so good as to get two copies, to be placed to my account ? Enclose the note
herewith sent, and the book, in a cover, directed to Professor Quetelot,
Brussels, and leave it with Mr. Robertson, the Assistant Secretary of the
Royal Society. I think, also, it would be well to secure with a little paste
to the first blank leaf the strip of paper with the address on it herewith sent.

T think Robertson could also send the work to Mons. Arago, and I send
notes to be served in the same way for this great scientific aristocrat, who
has never had the good manners to reply to any one communication I ever
sent him. Quetelet is an intimate friend and a most excellent fellow, so I
must treat him as such ; the other chap I treat on the noli me tangere prin-
ciple.”

Another example of the confidence Harris had in his own know -
ledge of his favourite science is afforded at the meeting of the
British Association at Plymouth already referred to. He had to
give one of the Evening Lectures illustrated by experiments, before
the assembled Association, on his own electrical discoveries, and the
day was very wet. Several of the leading members condoled with
him on the unfavourable state of the weather, and even advised him
to put off the lecture. He accepted their condolence, but declined to
act on their advice. He knew his own resources, and relied on them.
By means of his peculiar heating-irons he surrounded his appa-
ratus with a warm dry atmosphere, and the result was a brilliant
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guccess. He has described to the editor how anxious he was for
success ; for he had, in the physical section, been opposing some
of Coulombe’s views, and had tried in vain to shake the sectional
President’s (Dr. Whewell) belief in the French theory. He has
told us how quickly his heart_: beat as he measured off different
quantities of electricity by means of his upit jar, lest the disc,
counterbalanced by different weights, should not go down at the
exact times required to prove his law, that with a constant surface
and at a constant distance, the attraction increases as the square of
the quantity of electricity.

Few persons are aware of the long-continued struggle Harris
had to undergo to impress upon the public mind the importance
of adopting his system of lightning conductors for the ships of the
Royal Navy, and few are aware of the varied means used for the
purpose. He contributed a number of papers to the Nautical
Magazine illustrative of damage by lightning ; he was always on
the watch for the slightest scent of a good case ; and he never gave
it up until he had tracked it to the ship’s log deposited in Somerset
House, or obtained an account from the captain or one of the
officers of the ship that had been struck. He embodied these
cases in letters and pamphlets, which he circulated among Mem-
bers of Parliament and various persons in authority, including
the foreign ambassadors; and it may be mentioned to the
honour of the Emperor of Russia, that Harris’s system was
adopted in the Russian navy before it was fully admitted into our
own. In 1845 the Emperor presented Harris with a valuable
ring and a superb vase, in acknowledgment of the merits of his
system. Harris also instituted a series of experiments, on a large
scale, in Plymouth Sound, showing that he could direct the dis-
charge to any point of the vessel, or to the sea, at pleasure ; and he
made the points of discharge evident by firing gunpowder. These
experiments attracted public notice, and crowds assembled on the
Hoe to witness them. This led to a ludicrous circumstance, which
Harris related to the editor with great glee. One evening an
old woman was passing along the Hoe, when a man called her
attention to summer lightning that was flashing in the horizon.
“Don’t talk to me about summer lightning,” remonstrated the
incredulous dame; “it is .that Dr. Harris playing some of his
tricks. If he doesn’t take care, he will play them once too often.”

[P U
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Harris not only interested himself in protecting ships from
lightning, but he also endeavoured to get his system applied to
public buildings. He drew up a long list of buildings that had
been damaged, not nearly so full and complete as his list of ships,*
but still a formidable indictment against folly and prejudice. He
even addressed a memorial to a Church Building Society, pointing
out the necessity of protecting every new church that was built.
He invited the editor to accompany him to hear the verbal reply,
which was to this effect, that the cost of fitting conductors to a
church—yviz., from £60 to £100—was a fatal objection ; for in many
cases this additional charge in the estimates would most likely
turn the scale against the church being built at all.

At length all difficulties in the way of his long-cherished object
were removed or overcome. All the various objections to his con-
ductors had been met: persons in authority had declared that
letting the copper bands into the masts weakened them; but
Harris proved experimentally that their powers of resistance to
flexure were increased. The flagstaff of a ship, placed on the top
of the mast above the point where the conductors began, had
been struck by lightning and shivered to pieces. Thisand similar
slight accidents, which really proved the efficiency of the system,
at length were so clearly understood, that no further doubt
remained. It was felt that some public recognition was due to
the man who had made our ships safe from the attacks of a
destructive foe which had formerly deprived the country of the
full services of its navy, killed or crippled its sailors, and wasted
many thousands annually of the public money. In 1847 the
honour of knighthood was conferred on Snow Harris at the express
command of her Majesty the Queen, in consideration of his « very
useful inventions,” to use the words of Earl Russell. So little was
this honour expected, that when Earl Russell’s letter arrived at
Plymouth, Harris thought it was a hoax; for he, in common
with all men of genius, had a strong sense of humour (without
which, indeed, genius seems to be scarcely complete, unless pomwer
take its place, as in the case of Milton and Dante), and this
humour was so aoften let loose upon his friends in good-natured
jokes (aften practical ones), that no wonder if he were sometimes
repaid in his own coin. He took the letter to & gentleman in

* Ordered to be printed by the House of Commons, 1854.
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Plymouth, and said, “ Have you not a collection of autographs;
including that of Lord John Russell?”” The autograph in ques-
tion was produced. He examined it carefully, and said, “ No, it is
no hoax ; the writing in my note is identical with that in yours.”
But even then he consulted with his friends as to whether he had
not better ask leave to decline the honour; but he was nervously
anxious not to appear in the slightest degree to oppose himself to
. her Majesty’s gracious wish. He accordingly came up to town
and received the well-merited honour. The editor called on him
next day to congratulate him, when he gave an amusing de-
scription of his own feelings on finding himself for the first time
in a court-dress. He expressed himself extremely gratified at
the gracious manner of the Queen, and the smile of recognition
which he received from the Prince Consort. Indeed, the confidence
of her Majesty and the Prince in the perfect safety of Harris’s
conductors was shown in a request that he would fit up conductors
at Buckingham Palace and at Osborne, and also similarly protect
her Majesty’s yacht. Harris was also employed some years later
to design a complete system of conductors for the palace at West-
minster. His written instructions, which are full of interest, were
ordered by the House of Commons to be printed, and they will be
found under the head of *Estimates, &c., Civil Services, for the
year ending March 31, 1856.”

There was now no difficulty in the way of admitting Harris’s

conductors into the Royal Navy, and the Government, in con-
* sideration of his great services, proposed a vote of £5,000 to the
inventor. Sir James Graham, in moving the vote, said that he
never voted away money with more pleasure.

In 1850 Sir William was elected an honorary member of the
Naval Club at Plymouth, when a number of eminent officers
warmly congratulated him on the great service he had rendered
to the Navy. In 1854 he was elected an honorary member of the
Royal Yacht Squadron at Cowes, by the consent of all the mem-
bers, in acknowledgment of his public services. Nothing could be
more congenial to Sir William’s tastes, for he was always more of
a sailor than a landsman. His very walk reminded you of the
deck of a ship, and the warmth and simplicity of his character of
a sailor. It was quite a treat to be with Harris near or on

b
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the sca. There was not a craft that he was ignorant of, and
he was never tired of pointing out the merits and defects of
the vessels around him. He loved to be on the sea, in what-
ever craft. The editor once accompanied him to the Eddystone
in the lighthouse tender, and on another occasion to Cornwall in a
limestone barge. He had invented a new form of ship’s compass
in which he took great interest, and was proud to see it in use.
Being told that a yacht had arrived in the Sound with one of his
compasses on board, he asked the editor to go with him to inquire
how the yachtsman liked it. As soon as he got on board and sent
in his message, the proprietor came up and eaid, “Oh! I don’t
like your compass at all ; but I have one here by a man named
Harris that is a great favourite of mine.” *1’m Harris,” was the
bursting, eager reply, whereupon apologies and warm congratu-
lations ensued.

8ir William had long had a yacht of his own, in the manage-
ment and sailing of which he took the greatest delight. He was
proud of his nautical ekill, and was pleased when some one told
him that a naval man once observing a sailing-boat tacking about
in the Sound, exclaimed, ““Egad, the fellow in that boat well
knows what he’s about!”’ It need hardly be said that the fellow
was Harris himself. He had many other characteristics of a sailor,
but there was one point in which he did not resemble Jack Tar:
that is, in his indifference to dancing, although, as we have
said, he was an accomplished musician. Sir William gratified
his love of music in various ways. He had been his children’s
tutor in music as in other matters, and the concerts got up in
his drawing-room were almost professional in their finish.*
He was often in London, where, as may be supposed, he had frequent
opportunities of hearing good music; but, in common with the
best minds, he preferred cheap to costly pleasures. He delighted
to go to the pit of a minor theatre when operas were performed.
He was fond of a good play well acted, and reckoned among his
intimate friends Mr. and Mrs. Charles Kean.

Sir William was fond of conversation, and excelled in it. His
sympathies were wide, and he was ready to talk or to listen on
any subject. Captain Lockyer once said of him, “ Harris is like

. * See note page xxi.
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a barrel organ; you may set him to any tune.’”” He was also a
man of tender feeling, and many will cherish his memory as of
one more than a friend, for he was their doctor and nurse.

In the midst of all his exertions in the cause of lightning con-
ductors, Sir William did not neglect science. When Mr. Weale,
the publisher, in the year 1847 was about to start his Rudi-
mentary Series of Scientific Manuals, he obtained the assistance
of Sir William, who wrote several treatises on electricity,
magnetism, and galvanism, which met with great success and
passed through several editions. Sir William’s style was clear,
because he thought clearly; but it was modelled on that of a
former age, when eone scientific man seldom named another
without giving him all his titles, with “ justly celebrated” in
addition. He was very fastidious as to the way in which
his thoughts were stated ; he would write and re-write a page
many times, and when at last it reached him in proof he would
8o twist it and re-arrange it, that the printer’s charge for cor-
rections was sometimes higher than that for composing. Sir
William would even make organic changes in wood engravings,
so that if adopted it would have been necessary to have new
blocks. But in all such cases, whether of writing or engraving,
he was willing to listen to remonstrance; and indeed sometimes
felt it to be a relief to have some one to decide for him. The
editor frequently hesitated at this responsibility, and was care-
ful how he advised, lest his advice should be too readily
adopted and afterwards repented of. Harris was so grateful for
any little services of this kind, that it was a pleasant though a
responsible duty to serve him. And then he was so trusting and
confiding, so child-like and affectionate to any one whom he
loved, that he concealed nothing, not even his own weaknesses,
for he had his weaknesses, and had he not he would not have
been so lovable a character. He was sensitive as to what
others thought or said of him, and sometimes fancied they did
not do him justice, or that their discoveries had borrowed too
much from his. And when he resumed his labours in the field
of original research, and found that his papers were not so
welcome in the Royal Society as they had been thirty years
before, he could not understand the reasons for their rejection.
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He could not admit the fact, still less receive it with calmness
(few men can), that his working days were nearly over; and
that his later work was but a reflection of the light that once
shone so brightly. His sympathies were with the Bennetts, the
Cavendishes, the Singers, the Voltas of a past age. Frictional
electricity was his forte and the source of his triumphs. He was
too good a Tory of the old school of science to recognise the broad
and sweeping advance of the new; and he did not feel that he
was behind his age when, in 1861, he presented to the Royal
Society an elaborate paper on an improved form of Bennett’s
discharger, and yet later when, in 1864, he discussed the laws of
clectrical distribution, and still relied upon the Leyden jar and
the unit measure.

It cannot be said that Harns, with all his ability, had a creative
mind, in the sense that Wollaston’s or Davy’s was creative. He
was highly ingenious and inventive, and in his best work one is
always struck with the advance he had made beyond previous
occupiers of the same ground. He did his work well, and left
his mark on the science of his day; and although some of his
labours will be forgotten, and others be absorbed and blended
with the branch of physical science that he cultivated, still there
ure many points in Harris’s character as a man, and in his habits
us a philosopher, that the student may dwell upon with pleasure
and profit.

The few remaining years of Sir William’s life were embittered
by bodily suffering. In August 1861, after returning from a trip
in his yacht, he was seized with an attack of ¢ritis which did not
yield to medical treatment during some months. He was confined
to the house until the following May. In the autumn of 1862 the
attack returned, and Sir William was advised to undergo two
painful operations; but the result, after all, was the loss of one
oye and the partial loss of the other. His general health, too,
suffered from the medical treatment.

When he had partially recovered, he was anxious to bring out
his complete treatise on Frictional Electricity, materials for
which had been accumulating during many years. He intended
to add to this work short biographical notices of the leading
electricians. He had also prepared a minute account of the history
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of the Leyden jar. The first few chapters of the work now before
the reader were sent to the editor early in 1866. There was con-
siderable delay in getting the woodcuts properly executed, so that
the work made but slow progress. The first part, however, up to
p- 205 of the present volume, was completed under the author’s
supervision, when he was seized with his last illness, which ended
fatally on the evening of the 22nd January, 1867. ‘“He bore his
sad calamity during five years and a half with the greatest pa-
tience, calmness, and fortitude, and was never heard to murmur,”
were the words of one who announced to the writer of this notice
the loss of her husband and his friend.

[The following note, referred to at p. xviii., has been contributed by a
friend of the family, who took part in the concerts referred to.]

Sir William was a musician of rare ability and attainments; indeed, fow
amateurs possessed such critical acnmen or so comprehensive an acquaint-
ance with music, scientifically and practically considered, as he did; for in
addition to his extensive study of theory, he was a performer both on the
harp and piano, and played with exquisite taste and feeling. With theso
qualifications, Sir William devoted much time to the musical education of
his daughters, who became accomplished pianists.

Provided with two of Collard’s grand pianofortes, Sir William was fond of
collecting a foew ** strings,” and with them enjoying the luxury of concerterd
music. These parties, small at first, soon swelled into complete orchestras
formed of amateurs, to whose aid in cheerful spirit came professors, civil
and military, the latter bringing from their bands the necessary wind ac-
companiments. With such a force Sir William would take the field, and
feared not to encounter the most powerful of composers. The names of
Beethoven, Weber, Mendelssohn, Mozart, and others, were familiar as
household words in his home at Windsor Villas.

Nor was this all, for our enthusiast added to his instrumental productions
all the vocal music of which the singers in his neighbourhood were capable.
He invited all amateurs found to possess the requisite voices to assist him,
and the result was a succession of splendid concerts, not often surpassed in
private circles.

To perfect these reunions no efforts were spared ; conseeutive portions of
operas were performed, and descriptive programmes from the ready pen of
Sir William were issued to the company, who were thus made familiar with
the subject of the pieces produced ; to this was added a brief sort of lecture
or synopsis of the opera from which the music was selected, and, finally,
small scenes were used to bring the more striking incidents of the opera
vividly before the audience. .

In the year 1831 a wider field seemed to open for the exercise of Sir
‘William's powers of musical organization, and he accordingly took the lead
in a committee of management on the formation of a philharmonic society
which included subscribers from Devon and’ Cornwall, who were invited to
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participate in or enjoy the really good music intended to be porformed for
their gratification.

In this undertaking Sir William was indefatigable, and for two or three
years excellent concerts were produced, aided by eminent singers from
London, amateurs in the neighbourhood, and an erehestra and choir num-
bering 150 persons.

The frequent change amongst the inhabitants caused the maintenance of
this socioty to become a work of such labour, that the promoters, sanguino
as they were, could not oontinue their efforts, and Sir William was obliged
to fall back on his delightful home concerts.

In addition to his high appreciation of music, Bir William had a great
ndmiration for tho drama. He was proud to reckon Mr. and Mrs. Charles
Kean amongst his most intimate friends, and often spoke of his acquaintance

with the late Mr. Matthews, whom he professionally attended towards the
close of his life,
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THE AUTHOR’S PREFACE.

Persons who have been trained more immediately in what may be
called the mathematics of electrical physics look generally with
much indifference and suspicion at any new experimental processes
or tangible investigations which at all run counter to their long-
admitted theory. Reposing with a reverential confidence upon a
few early experimental deductions, conjoined with analytical forms
of expression, they appear to imagine that the limit of our know-
ledge of the laws of electrical action has been reached, and that to
doubt in any degree the truth of what has been termed the
Coulombian theory of eleetricity, and the received laws of the
necessary distribution of electricity upon bodies of variable figure,
is little less than philosophical heresy. In this sense many pro-
found writers, distinguished for analytical skill, betray an amount
of prejudice not very favourable to the advancement of science:
they judge of every theory by the quantum of symbolic expression
which enters into it, or by the form under which it appears.
Thus M. Biot, in his life of Volta,* seeks continually to disparage
the quality of mind of that truly great man, upon the ground that
his researches and discoveries had not a rigorous mathematical
basis similar to the method of Coulombe, and is hence led, although
constrained to admit the vast genius of Volta, to refer nearly all
Volta effected to previous principles mathematically deduced by
ZApinus, although no one ever heard of the condenser or the
electrophorus before Volta. 8till, we are informed that the prin-
ciples were foreseen, and their theory given twenty years beforo
in the ¢“Tentamen Theoriee Electricitatis,” by Zpinus, where
most likely they would have remained dormant to this day if some
great genius in experimental physics had not invented the instru-
ments. The real fact is, that these beautiful instruments having

® Biographis Universelle, tome xliv.
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been invented and perfected, the theory of Alpinus is applied in
explanation of them. Many other theories of electricity could be
equally well applied, and it would be just as easy to say that
Volta’s instruments had been prophesied in those theories as in
the theory of Zpinus. If the principles had been so clearly
expounded by Apinus twenty years before Volta invented the
instruments, it seems a sad reflection on those who so strongly
contend for mathematical rigour not to have applied them.

The real state of the case is, that the events virtually preceded
the prophecy, and having taken place, the prophecy was applied to
them. M. Biot, evidently biassed by his veneration for a mathe-
matical form of inquiry, and which he calls & rigueur mathématique,
treats Volta’s physics of electricity very slightingly, and so far
betrays a great want of appreciation of what Volta advanced, if
not a failure of comprehension of Volta’s principles. Thus he
says, Volta’s discoveries of the condenser and electrophorus were
for him merely combinations of experience ; that he never referred
them to their true theory, but to electrical atmospheres, an idea
which the most profound geometers could never dissuade him
from; that Volta’s dissertation upon electrical conductors betrays
a total absence of all abstract rigour of research ; that he does not
fix any of the rigorous elements of the important question of the
influence of the general form of conductors upon the conservation
or loss of electricity, or upon the energy of their discharges, whilst
the rigorous method of Coulombe fixes, and for ever, the exact laws
of electrical distribution and equilibrium upon the surface of bodies
of different forms.

The substantiality of all this kind of criticism is very doubtful.
It is possible that the genius of Volta did not admit of his employing
an analytical process similar to that pursued by Coulombe in his
experimental inquiries. Yet it does not follow, on that account,
that it did not equally involve physico-mathematical accuracy
under other forms ; and really we have yet to learn the truth of
the assertion that his notions of what he calls electrical atmo-
spheres, taken in the sense in which he uses this term, are not per-
fectly correct, and demonstrable by experiment, or that his views
of the variable intensity of a given quantity of electricity, disposed
upon conductors of equal surface, but of different extension, are
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not quite sound. They may not coincide with a given mathema-
tical theory of electricity, but they need not be “ vague ” on that
account. Neither is it so certain that the course pursued by
M. Coulombe has really “fixed, and for ever,” the éxact laws of
such variations of electrical force. The experiments upon which
Coulombe rests are really very few, and not altogether unexcep-
tionable. The theory of the Proof Plane, upon which depends all
the assumed laws of electrical distribution, is extremely doubtful,
and its operation very precarious, and in many instances absolutely
fallacious ; and although a theory of repulsive force, assumed to
exist in the particles of a supposed electrical fluid, may be brought
to square with a mathematical and analytical application of the
observed effects, however fallacious the interpretation, yet that
is not evidence of so conclusive a nature as to preclude the
reception of other equally general views of electrical force. It
would be, perhaps, both an invidious and useless course to seek to
oppose to each other the relative merits of simple and pure experi-
mental researches, and of investigations made through the medium
of symbolical and abstract mathematical analysis. It is, after all, a
liberal combination of the two methods which gives us the most
powerful means of advancing physical knowledge. That rigorous
mathematical forms and methods of experiment and deduction are
most desirable in physical inquiries, few can doubt. The mathe-
matical mind can doubtless see further into futurity than other
minds not so constituted, and can thereby save the great loss of
time attendant on mere tentative skill ; whilst the great beauty
and elegance of its analytical processes, and its wondrous develop-
ments, lend an increased charm to experimental labours. Never-
theless, we must never forget that it is the experimental labours
upon which all our knowledge of nature mainly reposes. Newton
himself would not consent to hazard his grand theory of universal
gravitation upon any other basis, however near its probability
approach to certainty, and, as is well known, withheld it from the
philosophical world until correct measurements of the earth had
been obtained. The great and justly-celebrated Galileo, who was
much more remarkable for a profound geometry than for any skill
in symbolical analysis, never failed to verify every assertion by
experiment. We have, in treating questions of this kind, to
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distinguish (1) that class of mind adapted to mere mathematics,
considered as an instrument of research ; (2) those who pos-
sess great skill in the handling and management of symbols and
of general symbolical processes, or geometrical analysis, taken
abstractedly ; and (3) those who, with less analytical skill, pursue
inventive experimental research solely; or (4) those who, without
the aid of any mathematical processes, repose entirely upon
experimental investigation, still possessing intuitively, as it were,
a peculiar quality of mind involving really mathematical rigour
under another form. There may undoubtedly exist great and
innate powers of thought and philosophical intellect without any
of that quality we are accustomed to designate as mathethatical,
Bacon, for example, one of the most wonderful and accurate
thinkers of any age, was totally ignorant of geometry and mathe-
matics. All the great discoveries and advances in Physics have.
for the most part, been derived from men essentially experi-
mentalists, men who either applied great and original powers of
thought in the investigations of nature in their own way, without
the aid of mathematical processes, or who allowed mathematics to
follow, as it were, in the wake of experiments, to correct and assist
them, rather than to develop in advance new and, as yet, undis-
covered facts. Franklin, whose researches and discoveries in
ordinary electricity were most marked and important, had very
little skill in mathematics. Neither Volta, the inventor of impor-
tant electrical apparatus, nor Davy, the great discoverer of the
bases of the fixed alkalies, can be said to have been led to such
discoveries through any mathematical process. The same may be
said of a host of others. To judge, therefore, of the value of any
physical inquiry solely with reference to its mathematical method,
or the amount of analytical symbolic representation it may contain,
would be not only to apply a fallacious measure of value, but would
be really a philosophical injustice. Mathematical or symbolical
analysis is, after all, but an instrument of research of a peculiar
kind, undoubtedly most valuable in its operation, but still an
instrument which many minds do not require, and which is often
very greatly abused and overworked by persons who, conscious of
their knowledge of symbolical arithmetic, are rather content to
cxemplify processes than to investigate truth. Very little, if any,
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really useful knowledge of nature is found in the elaborate and
interminable pages of symbolic analysis in which many modern
philosophical papers abound. As specimens of mere analytical
skill they are no doubt valuable, but for any practical result they
are frequently valueless. It is the show of learning without the
reality. 'Whilst, therefore, we admit the vast importance of
mathematical knowledge and address, and the great advantage of
mathematical method in its sound and healthy application to
experimental physics, we still think that in considering the exhibi-
tion of analytical skill as the great object of philosophy, we sacrifice
the end to the means, and thereby fail to arrive at any new result.
We substitute a sort of paper philosophy based upon data which
are rather taken for granted than definitively proved for the
philosophy of nature, and really close the door upon furiher
inquiry. Things are taken for granted upon authority much in
the way of the followers of Aristotle, and the result is, that it is
difficult to obtain anything like candid consideration of facts which
do not fall in with what is denominated par excellence THE THEORY.
It is well known that, when Galileo asserted that bodies falling to
the earth simultaneously from the same altitude would all fall in
the same time, whatever their weights might be, the Aristotelians
refused to listen to such a heresy, although, in his famous experi-
ment from the tower of Pisa, the ring of the falling bodies on the
ground was still sounding in their ears.
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